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Abstract 
This paper shows the results of fabrication and characterization of a CMOS oscillator with an integrated 
electrostatically self-excited and low voltage MEMS resonator monolithically fabricated in a commercial CMOS 
technology (AMS 0.35µm). Oscillation is achieved at a low DC bias voltage of 3.8V in air 
conditions. Measurements in vacuum conditions achieve oscillator performance even with a 0V dc polarization. In 
this case the effective applied voltage is 2V due to the dc polarization of the input CMOS amplifier. These low dc 
biasing voltages are for author’s knowledge the smallest DC voltage applied in MEMS based oscillators in air and 
vacuum conditions. 
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1. Introduction 
One of the applications of MEMS resonators is the possibility to integrate these devices as the resonant element of 
an oscillator, which enables RF signal processing [1,2,3] and sensing applications [4]. Unfortunately, MEMS 
resonators usually require high bias voltages or vacuum conditions (or both) to achieve a sufficiently low motional 
resistance to enable oscillations. 
 
This paper shows the preliminary results of fabrication and characterization of a CMOS oscillator with an integrated 
electrostatically self-excited and low voltage MEMS resonator. Both resonator and circuitry are monolithically 
fabricated in a commercial CMOS technology (AMS 0.35µm) (Figure 1). Measurements show that oscillation is 
achieved at a low DC bias voltage of 3.8V and 0V in air conditions and vacuum conditions respectively.  
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 2. MEMS Resonator fabrication and CMOS circuit design 
The resonator, a double-ended tuning fork (DETF), is completely defined along the AMS 0.35 µm CMOS process, 
and it is released (after the chip reception) with a one-step mask-less wet etching [4]. Using the spacer technique [5, 
6] a gap of 40nm between the structure and excitation and readout driver electrodes is obtained, allowing to decrease 
motional resistance as well as bias voltage.  
 
The SEM image of Figure 2 shows the shape and relevant dimensions of the designed DETF resonator made from a 
polysilicon layer (poly1) of the CMOS technology with a thickness of 280 nm. The dimensions are: L=12.8µm, 
W=0.5µm, Wda=1.2 µm, d=2µm, Ls=5.3 µm and the gap between the driver and read-out electrodes are 40 nm. The 
first lateral mode of oscillation of this structure is found around 11.2MHz, using Coventor FEM simulations (see 
inset of figure 2).  
 
  
 Fig.1: Optical micrograph of the resonator and CMOS circuitry 
with the RF probes for electrical characterization and zoom of the 
polysilicon released MEMS resonator (SEM image 
Fig. 2: SEM image of the released double-ended tuning fork showing 
dimensions. Inset: first lateral resonance mode from Coventor FEM 
simulations 
 
To obtain the full oscillator scheme, a CMOS amplifier has been added. The oscillator topology is a Pierce 
oscillator, in which the active circuit generates a negative resistor that cancels the losses of the motional resistance 
of the MEMS resonator [4]. The sustaining circuit uses two CMOS amplifier stages. The first stage is based on an 
unity gain amplifier and is designed to minimize the input capacitance, resulting in a very high transimpedance gain. 
The second stage consists in a high-gain voltage amplifier based on a cascode with cascode load configuration. This 
CMOS amplifiers are powered by a 3.3V power supply and consumes around 4 mW. An additional buffer is also 
introduced for testing purpose on 50-Ω loads with some loss of amplitude and voltage swing and with a relative high 
power consumption (10mW).  
3. Experimental results and discussion 
Figure 3 shows the oscillator output signal (transient response) in air conditions obtained from the oscilloscope with 
different applied dc voltages. The oscillator works properly with biasing voltages as low as 3.8V, although 
providing smaller signal amplitude. The resonance frequency is found around 11.4MHz as it is shown from the 
frequency spectrum (figure 4).  
 
Phase noise measurements for the monolithic oscillator are shown in figure 5. The phase noise at 1kHz offset from 
the carrier is around -50dBc/Hz, at 10 kHz offset from carrier is -80dBc/Hz and far-from-the-carrier (@100kHz) is 
around -94dBc/Hz quite similar to other CMOS-MEMS resonators using metal layers as [1] and [4] but in air 
compared with [1], and using much smaller bias voltage for driving the resonator compared with [4]. Noise floor is 
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measured at -107dBc/Hz in accordance to the simulated electrical noise from the electronic CMOS circuitry, and 
which has to be further decreased to improve the overall oscillator performance (decreasing the far-from-carrier 
phase noise). It is important to note that this phase noise measurements are performed in air, and that it can be 
further improved with in-vacuum measurements, which will reduce air-squeezing effects providing higher quality 
factors and reducing in accordance the phase noise.  
 
 
 
Fig.3: Time-domain oscillator output signal for different bias 
voltages. Peak to peak voltages are: 600mV@4,2Vdc; 580mV@4Vdc; 
550mV@3.9Vdc and 520mV@3.8Vdc 
Fig. 4: Frequency spectrum for a bias voltage of 4.2V. 
 
To further characterize the performance of this CMOS-MEMS oscillator we have proceed with in vacuum testing 
using a home-made vacuum chamber and standard PCB bonding to the CMOS chip. In this case we have found 
oscillation even with a 0V dc biasing. It has to be taken into account that the CMOS amplifier used as the first stage 
of the oscillator system has a polarization voltage of 2V. In this way the voltage at the read-out electrode is 2V, and 
the effective bias voltage between the MEMS resonator (with 0V dc biasing) and the read-out driver is really 2V, 
and thus a capacitive read-out is possible.  
 
The phase noise found in this vacuum characterization (figure 6), shows an improvement of the phase noise, 
achieving a value of -100dBc/Hz at 1kHz offset from the carrier with a 0.4Vdc biasing. This represents an increment 
of almost 50dBc/Hz below referring to the phase noise with a 0Vdc biasing in vacuum, figure 6, (or equally if 
considering the phase noise obtained in air conditions, figure 5) . We can explain this difference taking into account 
the non-linear behaviour of the MEMS resonator. With the 0.4Vdc biasing, the effective bias voltage for oscillation 
is the smallest we have tried (effective bias voltage of 1.6V), additionally in this case the peak-to-peak amplitude at 
the output of the oscillator, is also the smallest one (below 400mVpp). Considering these two voltages we assume 
that with this voltage a linear behaviour of the MEMS resonator is achieved and consequently an improvement on 
the phase noise is possible. Note, however that in the near-carrier spectrum we have a very large phase noise, which 
it has to be further analyzed and improved. We expect further improvements in phase noise with the addition of 
CMOS circuit to control the loop gain of the amplifier and in this way ensures linear behaviour of the MEMS 
resonator. 
 
 
Vdc= 3.8V
Vdc= 4.0V
Vdc=3.9V
Vdc=4.2V
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Fig. 5: Phase noise measurement of the MEMS-based oscillator in air 
for a bias voltage of 3.8V and 4V. 
Fig.6: Phase noise in vacuum (4.6e-3 mBar) for a bias voltage of 0V 
and 0.4V. 
4. Conclusions 
A monolithically integrated MEMS resonator has been fabricated in a CMOS 0.35 µm technology. The resonator, 
consisting of a double-ended tuning fork forms the resonant tank of an oscillator. We have demonstrated that a fully 
operable CMOS-MEMS oscillator is feasible with this approach and with CMOS compatible voltages: a low biasing 
voltage of 3.8V in air or 0V in vacuum is needed. These low voltages are consequence of the nanometric gap of only 
40 nm between the electrodes and the resonator itself which we have achieved with this technology. The output 
signal presents around 400mV peak to peak amplitude, and a phase noise smaller than -100dBc/Hz at 1kHz offset 
from the carrier in vacuum conditions with a 0.4V dc biasing has been obtained. Even though phase noise levels are 
higher to the measured phase noise of non-monolithic oscillators [2,3], the reported oscillator represents an 
important breakthrough among CMOS-MEMS oscillators thanks to its reduced voltage requirements for biasing. 
Moreover, considering the vacuum measurements, the DC voltage is further reduced or even cancelled (0V dc 
biasing as explained), enhancing the applicability of this system for integrated RF communication systems.  
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